Abstract -Graphene oxide (GO) and reduced graphene oxide (RGO) were synthesized from commercial graphite GR5 type, using the oxidative exhaustive exfoliation method or Hummers process. The characterization of GO and RGO allows ensuring the successful oxidation and reduction processes. Thin films of these materials were prepared and their electric properties were checked. The sheet resistance for GO films was 0.028 k: : sq -1 on polyethylene terephthalate (PET) substrate, and 0.160 k: sq -1 on soda lime glass (SLG) substrate. When RGO was used sheet resistance response increase to 0.391 k: sq -1 on PET substrate and 0.413 k: sq -1 on glass substrate. RGO and GO thin films were prepared by blade coating technique and used to prepare Dye Sensitized Solar Cells (DSSC) or Grätzel cells acting as counter electrodes, being a ruthenium complex as dye and iodidetriiodide electrolyte as couple redox. In standard illumination conditions the efficiency was measured with different dye concentration. The best results were found for a dye sensitized solar cell device PET/GO, with photovoltaic performance (PV) K= 0.25% (one TDBR coat) and for a DSSC device PET/RGO K= 0.20% (three TDBR coats).
I. INTRODUCTION
Graphene oxide and reduced graphene oxide materials have been recently used for multiple technological and innovative purposes as electrodes, coatings, membranes, catalysts and capacitors, guiding the increasing demand of flexible high performance energy and storage devices based on nanomaterials [1] [2] [3] .
Graphene is a material consisting of a 2D layer of sp 2 hybridized carbon atoms arranged in a hexagonal geometry [4] . Graphene constitutes the basic structure of other carbon allotropes, since stacking several sheets of graphene leads to graphite, wrapping graphene into a sphere produces fullerenes, and rolling it up produces nanotubes. Since its preparation in 2004 [5] , this material has appeared as a very promising material due to its properties, such as high electron mobility [6] , large mean-free path [5] , theoretical surface area close to 2600 m 2 g -1 [7] , better thermal conductivity than most of the crystals (5.3 + 0.5) x 10 3 W m -1 K -1 [8] , Young modulus of 1.0 TPa ten times greater than steel and breaking strength of 40 Nm-1 reaching theoretical limit [9] , and an optical transparency of 97.7% [10] . These properties make this material suitable for a large amount of applications such as electronics [11] , photo-chemical cancer treatment [12] , biological [13] , physical [14] , micro-mechanics [15] or dye sensitized solar cells (DSSC) [16] .
Different synthetic routes can be found in the literature: a) the mechanical exfoliation from highly oriented pyrolytic graphite (HOPG) by the process known as scotch tape peeling based on the method used by Novoselov et al. in 2004 [5] . This method yields to almost perfect graphene layers which can be used in scientific research. However, this method is not appropriate for industrial purposes and scaling. b) Thermal decomposition of SiC wafer under ultrahigh vacuum conditions [17] yields to non-uniform materials, thus these materials are not suitable for industrial applications either. c) Epitaxial growth by chemical vapor deposition (CVD) on different metallic substrates [18] [19] [20] is the method that obtains graphene with almost the best electronic properties, but it results very expensive. d) Exfoliation of graphite in different solvents [21, 22] allows obtaining large amounts of graphene derived materials in a cheaper way, but without reaching one layer material. e) Preparation of graphene by oxidation (Hummers method) [23] and reduction with hydrazine [22] [23] [24] is the method chosen in this work to prepare such material and subsequently applying it in DSSC devices.
During the last years, the research on graphene is getting focused on its application in organic electronics, especially in flexible devices [25] [26] [27] [28] [29] [30] [31] [32] . Nowadays, technologies based on thin film solar cells are proving several options in order to reduce the costs of each module, increasing its flexibility and reducing the use of toxic materials such as Cd, Te, Se and In, which are the base of CIGSSe compounds [33] [34] [35] . Graphene and its derivatives can be used with different functions in solar cell devices; as hole transporting layer [36, 37] , in Quantum dot-sensitized solar cells (QDSSC) based on TiO 2 film photoanode [38] , as super capacitor electrode [39] , as counter electrode [40, 41] , and as transparent electrode [42] . This last function is a big challenge nowadays research since the most common materials as counter electrode are Sn-doped In 2 O 3 (ITO) and F-doped SnO 2 (FTO), but they have low transparency and flexibility [43, 44] , being graphene an innovative material for this purpose [45] . In this work the studied devices were flexible DSSC using graphene as counter electrode. The obtained results show the uses of GO and RGO materials as counter electrodes, demonstrating the relationship between their photovoltaic properties and how different sheet resistance affect the Grätzel cell device performance.
II. EXPERIMENTAL

A. Graphite exfoliation
Graphite exfoliation was carried out according to a variation of Hummers process by an oxidation and a reduction process found in the literature [46, 47] .
For the oxidation step, graphite with an average size of 5 μm was mixed slowly with NaNO 3 in an acid solution made of sulfuric acid 5 wt% in an ice bath. Afterwards, KMnO 4 was slowly added for 30 min, and the resulting suspension was maintained at 369 K under stirring for 2 h. At the end of this time and decreasing the temperature to 333 K an aqueous solution of H 2 O 2 30 wt% was poured in the previous mixture and maintained under stirring for 2 h more.
In order to remove both ions and impurities becoming from the oxidation process, the resulting material was mixed with H 2 SO 4 3 wt% and H 2 O 2 0.5 wt%, the dispersion was put in ultrasound treatment 15 min. Then, the suspension is filtered and the process was repeated once using deionized water. The sample was dried at 323 K during 12 h. The resulting product was known as GO.
Aqueous dispersions of 6 mg/mL of GO in water were prepared and stirred for 2 h at room temperature yielding stable suspensions. Different solvents like ethanol, methanol, acetone, toluene and hexane were checked, but deionized water appeared as the best for the purpose of study.
The next step in graphene production is the reduction of GO. This process was carried according to literature [22] [23] [24] . First of all, NH 3 (Panreac 25%) is poured to maintain the basic media at pH=10.4. Then, 1μL of N 2 H 4 hydrate for each 3 mg of GO was added to the GO suspension and kept stirring at 363 K for 2 h. GO suspensions are now electrostatic stabilized due to dissociation of carboxyl groups from GO in basic media [48, 49] . Finally, in order to have powder material, the resulting suspension is filtered and washed with water and after dried at 323 K during 6 h, giving rise to reduced graphene oxide (RGO).
B. GO and RGO thin films
Both oxidized and reduced suspensions were used to produce thin films. The coating process was carried out by adding a controlled amount of the dispersion on (SLG) substrates 1 mL and (PET) polyethylene terephthalate 1 mL, and letting the solvent to evaporate following a low cost blade coating technique. Thin films on glass substrate compared with PET substrate produced a more homogeneous and consistent distribution of the dispersed RGO and GO materials.
C. DSSC device assembly
Glass and PET covered by ITO are the substrates used for building up the dye sensitized solar cells (DSSC) devices. TiO 2 was used as semiconducting electrode and deposited by blade coating technique. Thus, water slurry of TiO 2 was prepared and used to carry out coatings on both substrates. Doctor blade equipment with micrometric screw system was used to obtain homogeneous and continuous TiO 2 (5 Pm), GO (0.2 Pm) and RGO (0.2 Pm) thickness respectively.
The selected dye was tris(2,2´bipyridyl dichlororuthenium (II)) hexahydrate (TBDR) [44, 45] . TBDR was dissolved in ethanol. Iodine crystals and potassium iodide were dispersed in ethylene glycol to produce the liquid media pair redox (I 3
D. Characterization
GO and RGO were characterized by scanning electron microscopy (SEM), to observe the morphology of the particles and the homogeneous dispersion of the materials on the substrates and composites films. JEOL JSM 6400, microscope was used. Transmission electron microscopy (TEM), with a JEOL-2000 FXII microscope was used to observe the exfoliation process. Also a selected area electron diffraction probe (SAED) was used to determine crystalline properties of the synthesized carbon layers.
Powder X-ray diffraction (XRD) technique was used to characterize structurally graphite, GO and RGO phases, in a D-Max Rigaku X-ray diffractometer with a copper anode and a graphite monochromator to select Cu Kα radiation (λ= 1.5418 Å). The measurement was carried out from 2T 2.5º to 2T 40º, with a step of 0.03º/s.
Finally, thin films sheet resistances and photovoltaic parameters were determined for GO and RGO in a Grätzel DSSC devices by standard illumination conditions through I-V characteristic response. The sheet resistance was measured using a Fluke multimeter in resistance mode with two fine tips. The tips separation was 1 cm and was taken the average of 5 measurements per each GO or RGO thin films. Fig. 1a . shows the diffraction electron pattern for GO sample. Rings with 6 equidistance bright points describing a hexagonal structure are clearly observed. The attenuated bright points may be related to an external oxidized structure. Large area particles composed of superimposed single layer of GO are evidenced in GO GR5 sample Fig. 1b .
III. RESULTS AND DISCUSSION
In fact, it can be inferred from the above results that the formation mechanism of a high ordered graphene based structure depends on the average size distribution of each precursor sample, being more favorable for smaller particles.
The electron diffraction pattern for RGO is characterized by several bright points corresponding to areas with graphenemultilayer. TEM images of RGO Fig. 1d . shows graphene with 1, 2 and 3 stacking layers. When the electron diffraction pattern is carried out on a single layer a hexagonal pattern is easy to identify, see Fig. 1c . Then, RGO samples do not show a well-defined electron diffraction pattern when the analysis was taken in an area of multiple layers being a polycrystalline zone, if it is compared with its respective oxide form.
However, when the electron diffraction analysis is carried out on a single layer, there are well defined bright points typically corresponding to a hexagonal structure. The first bright ring has 6 differentiable points corresponding to [100] reflection plane and second bright ring also has 6 points corresponding to [110] reflection plane. These two signals are clues for hexagonal and single layer graphene structure. corresponding to the interlaying spacing of 0.37 nm [50] . This difference between graphite and graphene oxide interlayer spacing shows an expansion of the structure due to the oxidation process. The XRD patterns of GO at 7.0º and 32.5º are typical for graphene oxide moieties, but the peak at 26.6º suggests the presence of remaining graphite [51] . The main peak of RGO suggests these stacked graphene sheets are few layers thick, this high intensity corresponds with the information acquired in SAED analysis showing in Fig. 1c , where a graphene hexagonal monolayer is evident.
FTIR spectra of GO and RGO can be observed in Fig. 2a . According to T, Rattanaa, et al. [52] , the greater absorption in FTIR GO spectra corresponds to oxygenated groups with a wide band in 3340 cm -1 , due to stretching vibration of hydroxyl O-H groups. Besides, two absorption peaks in 1730 cm -1 and 1630 cm -1 can be assigned to stretching vibrational mode of carboxylic C=O groups or carbonyl moieties. Also, two peaks near to 1226 cm -1 and 1044 cm -1 , are due to stretching vibrational mode C-O. According to Haiqing, et al. [53] , the FTIR signals at 1732 and 1065 cm -1 are characteristic for graphene oxides, being assigned to stretching vibrational modes for C=O and C-O-C functional groups. These signals are certainly indicating that the reduction process was effectively carried out. After Hydrazine reduction process is seen a complete disappearance of oxygenated vibrational modes is observed and a typical spectrum for graphene is evident with vibrational modes characteristics at 1385, 1446 and 1635 cm -1 . As above mentioned, some functional groups in both GO and RGO samples can be distinguished by FTIR. Using UV absorption spectroscopy it was possible to identify some peaks corresponding to interest transitions. Fig. 2c . shows the UV absorption spectra for GO and RGO suspensions between 200 and 340 nm. Water was used as blank. At 230 nm, a shoulder appears due to particles or nanosheets of GO. This corresponds to the SS transition from an aromatic bonding system C-C bond. Two shoulders between 250 and 325 nm correspond to SS transition of carbon oxygen C=O type bond. UV spectrum for RGO does not show the peaks for oxygenated moieties transitions. This suggests that the reduction process was carried out successfully. The almost totally absence of 230 nm signal corresponding to aromatic system means that some areas of the sample are remaining as C=C type bonds, typically for a graphene structure. The indirect measurements of sheet resistance give an idea about if obtained materials are surface conductive or not. Fig.  2d . shows the values of sheet resistance for GO and RGO on PET and glass substrates. It can be observed that the resistance value is 6 times higher when GO is dispersed on glass than on PET. Knowing that the conductivity is inversely proportional to the resistance, it is expected a higher conductivity on polymer substrate, almost by one magnitude order. These results are very interesting in the design of flexible electronic devices. Meanwhile sheet resistance values are so close evaluated on RGO/PET and RGO/SLG systems, and four times greater than those observed on GO. GO sheet resistance results suggest metal bands type, while RGO behaviors as semiconducting-like bands. The measurements suggest that the stacking process of GO allows an adequate electron mean free path, due to large clusters and long-range connectivity coming from Archimedean lattice or uniform tilings (63) order-type, favoring a percolation threshold broader on PET than on SLG.
Comparing the results showing in tables 1 and 2, V oc is higher in PET flexible device compared with SLG devices. Besides, better results are achieved when PET is used as substrate, GO GR5 is used as counter electrode and TBDR cover concentration is coated one time. Fig. 3a. show the blade coating technique scheme. See Fig. 3b (i) . series connection between Reference Solar Cell (SIGSe type) with flexible DSSC device. One coated process means 0.5 mL of TBDR solution spread in a spin coating equipment at 1000 rpm. However, when the TBDR concentration is coated three times both cells that have RGO show an increment of 26% in the V oc for SLG device and an increment of 9.2% for PET device, meanwhile GO devices have a reduction of 33% for PET and 61% for SLG. Fig. 3b (ii). shows schematic structure of built DSSC. And Fig. 3c . show the sheet resistance of GO and RGO on PET and SLG. Then, the highest efficiency K is achieved by PET/ITO/TiO 2 /TBDR/(I 2 /I 
IV. CONCLUSIONS
SEM images allow the characterization of oxidation and reduction processes. TEM characterization shows that GO and RGO have particles in monolayer shape by hundreds of nanometers in area (0.5 μm x 1.0 μm). This behavior yields highly electrical properties. XRD analysis also corroborates that GO after hydrazine reduction process allows obtaining highly oriented and delaminated graphene-sheets.
The GO sheet resistance is 0.028 kΩ/square on PET substrate, compared with 0.160 kΩ/square on glass substrate, being this material the most appropriate to be used as counter electrode in DSSC devices, if it is compared with the RGO which is 0.391 kΩ/square on PET and 0.413 KΩ/square on glass.
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